Objective: To assess the validity of a semi-quantitative food-frequency questionnaire (SFFQ) used in a large nation-wide dietary survey among 12-month-old Norwegian infants. Methods: The SFFQ was administered to the parents about 1 week before the infants turned 12-month-old. The participants filled in the SFFQ and 1-2 weeks later they kept weighed food records for a total of 7 days. Both methods were completed for 64 infants. Results: The SFFQ overestimated energy intake with 25% and gave significantly higher estimates of all nutrients compared with the records, except for calcium. Much of the difference between the methods disappeared when nutrient density was compared. Spearman correlation coefficients between pairwise measurements of nutrient intakes from the food records and the SFFQ ranged from 0.18 for vitamin D to 0.72 for polyunsaturated fatty acid intake (median r ¼ 0.50). On average 38% of the infants were classified in the same quartile with the two methods, and 3% in the opposite quartile. The correlations for food items varied from 0.28 for sweetened drinks to 0.83 for commercial porridge (median r ¼ 0.62). Conclusion: This study indicated that the SFFQ overestimates average absolute nutrient intakes. However, the questionnaire gave better estimates for average nutrient densities than for absolute nutrient intakes. The capability of the questionnaire to rank infants according to intake of nutrients and food items was moderate, but at the same level as others have observed with foodfrequency questionnaires.
Introduction
Accurate assessment of dietary intake among infants and pre-school children is important for clinical care, nutrition monitoring, evaluating nutrition intervention and epidemiological research. However, dietary assessments among infants and pre-school children are complicated by the fact that dietary habits change rapidly in infancy, parents may share the responsibility for the child with other adults, eg in day-care, and finally not all food served to the infants are consumed, some are wasted.
In 1999 a nation-wide sample of 3000 Norwegian infants, aged 12 months, was invited to participate in a dietary survey. A total of 1932 mothers agreed to participate (participation rate 64%). The overall aim of the survey was to provide detailed information on the current dietary habits among 12-month-old infants in Norway. The method selected for this survey was a semi-quantitative foodfrequency questionnaire (SFFQ), mainly, because we had a lot of experience using this method among adolescents and adults (Nes et al, 1992; Solvoll et al, 1993; Andersen et al, 1995 Andersen et al, , 1996 Andersen et al, , 1999 . Furthermore, it is considered the most suitable method for assessing dietary intake in large groups.
The validity of questionnaire methods has been investigated in a number of studies among adults (Willett et al, 1985 (Willett et al, , 1987 Pietinen et al, 1988; Margetts et al, 1989; Block et al, 1990; Engle et al, 1990; Tjnneland et al, 1991; Nes et al, 1992; Rimm et al, 1992; Longnecker et al, 1993; Bingham et al, 1994; Goldbohm et al, 1994; Andersen et al, 1999) , but validation studies of questionnaires used among pre-schoolaged children are limited. In a review by Serdula et al (2001) , they found nine validation studies of food-frequency questionnaires used among children r5 y of age published between 1976 and 2000. Only one paper evaluated a foodfrequency questionnaire used among 12-month-old infants (Blum et al, 1999) .
In this paper we present the relative validity of the semiquantitative food-frequency questionnaire applied in the nation-wide survey among 12-month-old infants. Weighed diet records were used as reference method because this method does not depend on memory and it is regarded as one of the most accurate and feasible methods for measuring food intake.
Methods

Subjects and design
A random sample of 300 infants, aged 12 months and living in Oslo, was established by Statistics Norway. The sample included infants born from October 1998 to February 1999. If the child was a twin or triplet, only one of them (the oldest) was included. Infants of mothers born in countries outside Scandinavia were not included.
The mothers received an invitation and a SFFQ by mail about 1 week before the infants turned 12-month old. Eighty-three mothers returned completed questionnaires, and 64 of these participants kept weighed food records for a total of 7 days (participation rate 21%). The food recording started 1-2 weeks after the SFFQs were filled in.
The study protocol was approved by the regional ethical committee, and informed parental consent was obtained.
Semi-quantitative food-frequency questionnaire (SFFQ)
The 16-page optical mark readable questionnaire was designed to describe dietary habits at 12 months of age, and to describe feeding practices from birth up to 12 months of age. The mother, father or other caregiver was invited to fill in the questionnaire as close to the child's 12-months birthday as possible. They were asked to describe habitual feeding practices at 12 months and to keep their child's diet over the past 14 days in mind when filling in the questionnaire. The SFFQ included 44 questions; four about use of breast milk, three about use of other milk, 18 about use of 140 food items grouped together according to the Norwegian meal pattern and three about use of dietary supplements such as cod liver oil and multi-vitamin-mineral supplements. The SFFQ also included 14 questions on other food habits, how parents were informed on infant feeding, highest educational level of mother and father, the work situation of the mother and allergy/asthma in the family. Furthermore, there was one question about who had filled in the SFFQ and one about the time (date) for filling in the questionnaire.
The frequency alternatives varied from never/less than once per month to several times a day. A photographic booklet including 16 colour photograph series with four different portion photographs ranging from small (A) to large (D) was used by the parents when reporting the amounts of food eaten. When no photo was available for a food item, household units were used, eg slices, pieces, spoons. If the infant was breastfed, we asked how often breast milk was given per 24 h. However, we did not collect any information on amount of breast milk.
Data on length and weight at birth were collected from the children's health cards, and length and weight at 12 months were measured by the healthcare personnel at the regular 12-month check-up.
Weighed records (reference method)
The 7-day weighed food record was split into two separate periods. The first recording period covered 4 consecutive days (eg Sunday, Monday, Tuesday, Wednesday) and was followed by a 1-week interval before the second recording took place, which covered a period of 3 consecutive days (Thursday, Friday, Saturday).
The participants were provided with record notebooks and a digital scale measuring with a precision of 72 g and a maximum of 5000 g. They were given practical and written instructions on how to weigh and describe in detail the consumption of food and beverage, and especially to measure and note all foods wasted and not eaten up. If the infant was breastfed, the participant was asked to report how often the infant was given breast milk. We stressed that the purpose of the study was to measure the habitual food intake and that any temptations to change the diet in order to simplify the recording or make the diet healthier should be counteracted. Parents of infants who attended day-care or had a nanny received an extra set of scales and notebooks. The majority of these parents chose to train the day-care personnel themselves.
The record notebook from the first 4-day period was checked for completeness immediately after the first period. Each participant was contacted by phone to clarify improper responses. As a reminder the participants were phoned the day before the second recording period started. The forms were coded by a nutritionist (GHA).
Nutrient calculations
The daily intakes of energy, nutrients and food items were computed by using a food database and software systems developed at the Institute for Nutrition Research, University of Oslo. The food database is mainly based on the official food composition table (Norwegian Nutrition Council, 1995) , and is continuously supplemented with data on new food items and nutrients. Cod liver oil and vitamin-mineral supplements were not included in the nutrient calculations.
Statistical analyses
Statistical analyses were performed by SPSS (9.0). As the distributions of nutrient intake and food intake data were not normally distributed, non-parametric statistical methods were chosen. The sample medians, 25th and 75th percentiles were computed for intake of nutrients and food items from the two dietary assessment methods. Nutrient intakes were presented as absolute values and nutrient densities. For protein, fats, carbohydrate and sugar, nutrient density was calculated as the percentage of energy provided by that nutrient, and for vitamin and minerals, nutrient density was presented as intake in micrograms or milligrams per MJ.
The differences between methods were tested with Wilcoxon's signed rank test (paired data) and Mann-Whitney test (unpaired data).
The agreement between methods was analysed by the method proposed by Bland and Altman (1986) , using a plot of the differences between two measurements against the average of the measurements. This method assesses agreement of methods in groups, which is defined as the difference between the two methods (relative bias). Furthermore, the method assesses the agreement in individuals, defined as the limit of agreement (72s.d. of the bias).
The relation between the two measurements was also presented by Spearman rank correlation. Ninety-five per cent confidence intervals (CIs) were calculated for the correlation coefficients (Altman, 1991) . Furthermore, the agreement on category level between the questionnaire and the records was examined by classification of absolute intakes of nutrients divided into quartiles. Table 1 shows the characteristics of the 64 infants in the validation study. The infants included in the validation study did not differ significantly from the infants in the nation-wide study among 12-month-old infants according to weight and length. The proportions of girls and boys in the validation study were not significantly different from the proportions in the nation-wide survey. However, the mothers in the validation study were significantly older than the mothers in the nation-wide survey (31.6 y compared with 29.9 y), and had a significant higher level of education. Thirthy-nine per cent of the infants attended day-care.
Results
Nutrient intake
In Table 2 , the average intake of energy and nutrients measured by the SFFQ and by the food records is presented both as absolute intakes and nutrient densities. The SFFQ overestimated energy intake with 25% compared with the records and gave significantly higher estimates of absolute intakes of all nutrients, except for calcium. Much of the differences between the methods disappeared when nutrient density was compared. The percentage of energy derived from macronutrients from the SFFQ did not differ significantly from the weighed record values, except for protein, and we found no significant differences for the density of vitamin D, vitamin E, thiamin and riboflavin ( Table 2) .
Most of the Bland and Altman plots showed a pattern similar to the plot of intake of energy (Fig. 1 ). There seems to be a systematic increase in difference between the two methods with increasing intake, except for intake of calcium. The limit of agreement defined as the bias 72s.d. of the difference was large for all nutrients.
Spearman correlation coefficients between pairwise measurements from the SFFQ and the food records ranged from 0.18 for vitamin D to 0.72 for polyunsaturated fatty acid intake, whereas the median coefficient was 0.50 (Table 3 ). The following nutrients had correlations higher than 0.50: protein, total fat, saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty acids, sugar, riboflavin, calcium and iron. The median correlation coefficient for nutrient density estimated from both methods was 0.50. Table 4 shows the ability of the SFFQ to classify individuals into the same quartile of nutrient intake estimated from the food records, and to misclassify into opposite quartiles. The proportion of subjects appearing in the same quartile varied from 22% for fibre to 56% for saturated fatty acid intake, with a median of 38%. On average (median), 81% were classified in the same or adjacent quartiles, and 3% were misclassified into extreme quartiles. When data were expressed as nutrient densities, a similar agreement was observed.
Food intake
In order to gain information on the ability of the questionnaire to cover the different foods in the diet, we also made comparisons at the food intake level for 17 food items (Table 5 ). There were no significant differences between the two methods according to median intake of infant formula as a drink, yoghurt, vegetable, fruit juice, commercial baby juice and sweetened drinks. For the rest of the food items shown in Table 5 , the intakes were reported higher in the questionnaire than in the records, except for cow's milk as a drink. The Spearman correlations between the two methods varied from 0.28 for sweetened drinks to 0.83 for commercial Validation of a semi-quantitative food-frequency questionnaire LF Andersen et al porridge. The median correlation for food intake was 0.62. Most food items had correlations higher than 0.50 except for boiled potatoes, vegetables, baby juice and sweetened drinks.
Thirty-seven women (58%) reported in the SFFQ that they breastfed their child. However, two of these did not report any breastfeeding during the recording period. There was no significant difference in breastfeeding frequency reported by Breastfed and non-breastfed infants When analysing data from breastfed infants and nonbreastfed infants separately, the intake of nutrients and food items did not differ significantly between the SFFQ and the weighed records, except for vitamins D, E, cow's milk as a drink and infant formula as a drink. The differences found between the two methods for these nutrients and food items were larger for the non-breastfed infants compared with the breastfed infants. The correlation coefficients for nutrient intakes observed among the non-breastfed were lower than those observed for the whole group (n ¼ 64) and for the breastfed infants alone. The median correlation coefficient for nutrients was 0.27 for non-breastfed infants compared with 0.52 for breastfed infants.
Discussion
In the present study, the relative validity of a semiquantitative food-frequency questionnaire (SFFQ) used among 12-month-old infants was examined. We are aware of only one other study that has validated a food questionnaire among 12-month-old infants (Blum et al, 1999) . In that study, three repeated 24-h recalls were used as the reference method, while we have used 7-day weighed food records in the present study. The SFFQ gave higher median values than the food records for all nutrients except for calcium. When comparing nutrient densities, the results were more consistent. Several other validation studies of food questionnaires used among pre-school children have shown that questionnaires overestimate nutrient intakes (Treiber et al, 1990; Stein et al, 1992; Blum et al, 1999) . Blum et al (1999) observed that their questionnaire overestimated 12 of 20 nutrients and underestimated three (significance testing not shown). Treiber et al (1990) found among 3-5-y-old children that their questionnaire overestimated intake of 10 out of 11 nutrients; this was similar to the observations in the same age group by Stein et al (1992) . Stein et al (1992) also observed that the group mean estimates of nutrient density were more consistent between methods than the absolute intakes.
The correlations observed for nutrients in the present study were similar to what we observed in validation studies of SFFQs used among adults and adolescents. In these validation studies weighed records were also used as the reference method (7-14 days). We observed average correlation coefficients for nutrients of 0.52 among 18-y-old Norwegian adolescents (Andersen et al, 1995) , and correlation coefficients of 0.59 and 0.51 among elderly women and a group of men, respectively (Nes et al, 1992; Andersen et al, 1999) . The correlations are also similar to the results found by Blum et al (1999) among 129 children aged 1-2 y. The agreement across quartiles between the two methods obtained in our study was on average (median) 38%, which is comparable to what we have observed among adolescents and adults (Nes et al, 1992; Andersen et al, 1995 Andersen et al, , 1999 . When using classification into quartiles, one will expect by chance to get 25% into the same quartile and 12.5% in the opposite quartiles. Based on this, the present SFFQ has no ability to rank subjects for intakes of fibre and thiamin because only 22 and 27%, respectively, were classified into the same quartile for these nutrients.
Only a few of the validation studies among pre-schoolers have analysed food-frequency questionnaires according to food intake. In our study we found that the SFFQ overestimated 10 of 17 food items, underestimated one food item and no differences were found for six food items. Among a group of 4-y-old children Persson and Carlgren (1984) observed that their food-frequency questionnaire overestimated 14 of 27 food items, underestimated nine of 27 food items and no differences were observed for four food items.
The average correlation (median r ¼ 0.62) observed for food items in this study was higher than what we observed among a group of men (median r ¼ 0.50) and among 18-yold adolescents (median r ¼ 0.42) (Andersen et al, 1995) . However, the correlations obtained from these different studies are not directly comparable because different food items are included in the analysis. None of the validation studies among pre-school children have presented correlations for food items.
Methodological issues
In a validation study the reference method used should be as accurate as possible. Nelson et al (1989) have calculated the number of daily food records necessary to correctly classify 80% of toddlers into the extreme thirds of the distribution. They found that 7-day weighed record for toddlers would suffice for satisfactory ranking of subjects according to intakes of macronutrients, calcium, iron, thiamin, riboflavin and vitamin C.
The Norwegian reference value for energy intake for 12-month-old infants is 355 kJ/kg/day (National Council of Nutrition and Physical Activity, 2001). Based on the average weight of the infants in this study the average energy intake should be around 3500 kJ/day (9.85 kg Â 355 kJ/kg/day). This calculated value for energy intake is only 5% lower than the energy intake estimated from the weighed records (Table 2) . Five infants had an energy intake from the weighed records below 2000 kJ, indicating that the food intake might be underestimated. However, these five infants were breastfed more frequently than observed for the whole group (3.7 times per 24 h compared with 2 times per 24 h). Furthermore, when calculating the association between energy and nutrients estimated from the records and from the SFFQ, the correlation coefficients were similar with and without the five infants included (data not shown).
The reference method and the test method should cover the same time period. The SFFQs were filled in close to the children's first birthday, and the recording started about 2 weeks later. In Norway, we recommend breastfeeding throughout the first year. More new food items may be introduced when the mother stops breastfeeding. If substantial changes in food habits were introduced during the weeks between the SFFQ and the records the observed validity would be reduced. The parents were asked if the child had made major changes in food habits during the time period between filling in the questionnaire and recording the intake. Twenty-one of the parents (33%) reported that their child did not change their food habits. Forty-three (67%) had started to introduce some new food items. Food items most often introduced were cow's milk, yoghurt and family dinner. When analysing data from those who reported changes and those who reported no changes separately, we found no indication that changes in food intake had any importance for the observed validity of the SFFQ (data not shown). The data on breastfeeding from the two methods do not indicate changes for breastfeeding practice during the study period; only two women reported to breastfeed their child by the SFFQ, but not during the recording period.
From the results presented in this paper we cannot conclude whether the overestimation of energy intake (25%) found for the SFFQ is due to mis-reporting of food items (both type and frequency), number of food items included in the questionnaire, difficulties in reporting correct portion sizes or use of too large portion sizes in the SFFQ. Probably all these problems introduce errors. Because infants around 12 months of age may taste a lot of foods without eating a real portion, too large portion sizes included in the SFFQ can be an important problem. This has to be investigated further for future revisions of the SFFQ.
Sample representativity
The sample in the present study was a random sample in a certain area (Oslo) and not a random sample of 12-monthold infants in Norway. The participation rate was low, only 21% of the originally drawn sample were willing to participate. This has resulted in a non-random sample that may be more health conscious than the original sample. We did not find any differences between length, weight and proportions of boys and girls in the validation sample compared with the sample in the nation-wide survey among 12-month-old infants. However, the mothers in the validation study were on average significantly older and had higher educational level compared with the mothers in the nation-wide survey.
In summary, the present validation study indicates that the self-administered food-frequency questionnaire used among 12-month-old infants overestimates the median intake of nutrients except for calcium intake. Furthermore, it is found that the questionnaire gives better estimates for nutrient density intake than for absolute nutrient intakes.
The study also indicates that the SFFQ produces acceptable estimates for several food items. The capability of the questionnaire to rank infants according to intake of nutrients and food items was moderate, but at the same level as others have observed with food-frequency questionnaires.
